Signed distance function has important application in image processing such as level set based image segmentation and feature extraction. With higher and higher image resolution, the computational efficiency of signed distance function directly effects the computational time of image processing. To reduce the time cost, an improved source scanning method was proposed. This method first calculated the signed distance to the close curve of the pixels on the normal line, then calculated the signed distance of all the pixels based on source scanning method, which can reduce the iteration time and improve the computational efficiency. This method was also performed in parallel way on CUDA. Experiments show the proposed parallel method is faster than lower envelope based method and the Voronoi diagram based method.
INTRODUCTION
Image segmentation is an important technology in the field of image processing, mainly used in target recognition and understanding, playing a very important role in the field of image-based artificial intelligence. At the same time, image segmentation is also a classic problem, developing without finding a common method until now. Common segmentation techniques include threshold-based segmentation methods, boundary-based segmentation methods, and region-based segmentation methods. The segmentation method based on level set proposed by Osher and Sethian [1, 2] is a kind of boundary-based segmentation method which become the biggest research hotspot in image segmentation in recent years, due to deal well with the problem of topology change. Signed distance function (SDF) is usually used in the initialization and updating process of the level set calculation. The so-called signed distance function is the nearest distance between the point in the image and the point on the closed curve. The signed distance function is not only used in level set based segmentation but also used in the 3D visual feature extraction and pattern recognition in computer vision [3] [4] . The time complexity of SDF is O(N×M), N is the number of points in image , and M is the number of points on closed curve. It is important to quickly and accurately calculate the SDF and improve the efficiency of the level set method.
The most commonly used method of calculating the SDF is raster scanning method [5] , which uses the calculated distance to update the distance of the point of its neighborhood. When the first-in first-out queue (FIFO) is used to calculate SDF, the computational complexity is O (N×L), L is the number of neighborhood points, but the FIFO can not be implemented by parallel algorithm. If the simple scanning method is used, that scans the image twice (or more) to complete all signed distance calculation, the complexity of the scanning algorithm is O (K×N×L), where K is the number of times of scanning the image. Since the calculation of each point in the image is independent, this method is conveniently handled by the parallel method, and the computational complexity of the parallel computation is O (K×L). In the 1990s, researchers proposed the source scanning method [6] , the fast marching method [7] , the lower envelope based method [8] [9] and the Voronoi diagram based method [10] . The source scanning method is a kind of a raster scanning method, finding the contour points (source points) and the grid point which locate on the same characteristic line (the normal to contour C) and the signed distance is calculated as distance from the source point to the grid points. The computational complexity is O (K×N×L). The fast marching method takes the closed curve as the starting point, radiating from the normal direction, and uses the fast matching method to calculate the signed distance. The computational complexity of this method is O (NlnM). The lower envelope based method transforms two-dimensional SDF into two independent one-dimensional SDFs for each row (or column) of the image, and uses lower parabola envelope based method to calculate one-dimensional distance. The computational complexity of this method is O (2N). The Voronoi diagram based method constructs the Voronoi diagram where it intersects the horizontal lines passing through the image pixel centers. The computational complexity of this method is O (N).
This paper improves the source point scanning method, and proposes a generation method of signed distance function based on normal radiation. The method first calculates the normal direction of the point on the closed curve, and then only linearly diffuses in the normal direction to obtain the distance of the partial point, at last scans the whole image 2 times by calculating the distance between point and the source point of the 3×3 neighborhood point of this point to obtain the distance values of these points. As the method does not gradually spread, so the method of image scanning time is less than normal scanning method. Although the least computational complexity of the method adapting serial computing is O(2×N×L+1+R), R is the row number of image, the method is very suitable for parallel implementation, and the least computational complexity is Only O (18 + R). Since 2003, GPU computing power is far more than the CPU. For the advantages of parallel computing, except displaying the traditional graphics image, GPU is also used for image segmentation, registration and other general calculation [11] [12] . NVIDIA in 2007 in published a new unified computing architecture CUDA based on the C language, programming for parallel computing with expanding slightly C. This article used NVIDIA's GPU to complete all the parallel computing on the CUDA platform.
SIGNED DISTANCE FUNCTION CALCULATION
The signed distance function is defined as follows:
Where Up-down Down-up Down-down Up-up represents the shortest distance between the point (x, y) and the closed curve C. Constructing the signed distance function is generally carried out in two steps. First, we construct the signed table which judges whether each grid point (x, y) on the image is located inside or outside the closed curve, and then calculate the shortest distance function value for each grid point to C. Multiplying the sign by the distance can get the signed distance function for each grid point.
Calculation of Sign
This paper used the scanning method proposed by Zhang Bo in 2017 to construct a signed table. The steps of this method are below:
(1) Building the shape of the curve points by dividing them into four types in Figure  1 ; (2) Beginning with the first pixel of each line in the image (which can be considered to be outside the curve), scan from left to right along the line, if the up-down or down-up types are encountered, invert the sign. When encountering the kinds of down-down or up-up boundaries, the sign is remained.
The first step in this method can be done in parallel way, and the computational complexity is O (1). The second scanning step can be completed in parallel with the computational complexity O (R), R is the row number, so overall computational complexity is O (1 + R).
Distance Calculation
The distance function calculation method proposed in this paper has the following steps:
(1) Calculate the normal direction of the point S on the closed curve, and then extend the distance along the normal direction of point S, and obtain the distance from all points on the normal direction to point S. At the same time, the source point of all points on the normal are set as S. We called this way as the normal radiation method, the flow chart is shown in Figure 2 . If a point is the intersection of the different normal lines, that means there are multiple source points, we need to set the distance to the nearest source point as the distance transform and keep the nearest source point; For example, the point P in Figure 2 has three rays passing through it, respectively corresponding to the three source points S1, S2 and S3, obviously P is nearest to S1. So the source point of point P is set as S1, the distance of P is the distance between P and S1. To reduce computational time, the normal directions are scattered into eight directions according to the degrees in directional angle with different step length. These degrees are 0, 30, 45, 60, 90, 120, 135 and 150. The step length for 0 and 90 degree is 1; 2 for 45 and 135 degree; 3 for 30, 60, 120 and 150 degrees. In this way, the sign distance of the point on the normal can be obtained by accumulation of the step length, which is much faster than the calculation using the Euclidean distance (involving two subtractions, two multiplications, one addition and one square operation). The calculation flow chart is shown in Figure 3 . (2) After step 1, there are points in the image which the normal lines do not pass over (these points are far away from the closed curve), and the distance from these points have not been yet calculated. In order to obtain the distance of these points, this paper scans the whole image to obtain the distance by calculating the distance between the point and the source point of the neighborhood points of this point. So by at least twice scanning, all the points of the distance value could be obtained. 
Parallel Computing
This paper uses the NVIDIA 950 graphics card on the CUDA platform to perform the general GPU parallel computing, and completes the parallel signed distance function calculation proposed in this paper. As the amount of the pixels in the image are huge, it is necessary to use thread blocks to organize so many threads. The whole image is generally considered as a grid, and each grid region corresponds to a thread block. Thus, each pixel on the image corresponds to a thread. As shown in Figure 4 , to deal with a 256×256 image, assigning 32×8 thread blocks to construct a grid, that is, the image is divided into 32×8 blocks, each thread block allocates 8×32 threads. A thread calculates the signed and distance values of a pixel. The steps of the parallel computing method are listed below:
(1) Assign the threads as shown in Figure 4 , let each thread correspond to a pixel; Calculate the normal direction and shape type of each point on the closed curve in parallel way. The complexity of the process of calculating is O (1).
(2) Allocate R threads, let each thread correspond to a line in the image; scan each line from left to right and calculate the signed value using the curve shape in parallel way. The calculation complexity is O (R).
(3) Assign the threads as shown in Figure 4 , let each thread correspond to a pixel; calculate the normal radiation for each point on the closed curve and get the distance of each point on the normal in parallel way. The calculation complexity of this step is O (1).
(4) Assign the threads as shown in Figure 4 , let each correspond to a pixel; for each point in the image, calculate the distance between the point and the source point in the neighborhood points to get the distance value of these points. So by at least twice scanning, all the points of the distance value can be obtained. The computational complexity of this step is at least O (2×8).
The computation complexity requires at least O (18+R) for the whole process, which is fast enough to achieve real-time processing. 
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EXPERIMENTS
The experimental platform for this paper is Lenovo desktop computer with Windows7 64-bit operating system, intel i7-4790 3.6GHz CPU, 8G memory, Nvidia GTX950 graphics. The method is programmed using C language in visual studio 2008 platform. The experimental 256×256 image in Figure 5 (a) , has a more complex topology, and is suitable for testing calculation of the signed distance function. Figure 5 (b) shows the signed distance through the parallel method proposed in this paper, and the maximum of the error value is only 1, the calculation time is only 1.4ms. It can be seen that the parallel signed distance function calculation method mentioned in this paper is fast and accurate. In this paper, 256×256, 1280×1280 and 2560×2560 images are used to compare the computational efficiency. When the maximum of distance error is less than 1, the method proposed in this article, source scanning method, the lower envelope based method and the Voronoi diagram based method are compared. The results of the serial calculation are shown in TABLE I, and the parallel calculation results are shown in TABLE II. As the lower envelope based method and the Voronoi diagram based only have serial algorithms, so in both of tables, they showed serial algorithm. In TABLE I, the lower envelope based method and the Voronoi diagram based method have the least time cost. The source scanning method and the method proposed in this paper are required repeated scanning to achieve a little error, so the calculation time is longer. Because of using the normal radiation to get the distance of the part of points in the image, under the same error degree the method proposed in this paper required less scanning times than the source scanning method, so the calculation efficiency is much higher than the source scanning method.
In TABLE II, by using the parallel algorithm, the calculation efficiency of this method is the fastest, and when the image is larger, it is about 1 time faster than the lower envelope based method. It shows that the parallel method proposed in this paper has greatly improved in the computational efficiency of the signed distance function. The calculation results of different size images show that the larger the image is, the longer the calculation costs. The images of different curve points show that the more curve points it has and the longer the calculation costs, which also conforms to the basic law of the calculation of the signed distance function. 
CONCLUSIONS
In this paper, we proposed a fast calculation method of signed distance function to improve the source scanning algorithm, and implement parallel algorithm based on the GPU parallel computing on CUDA platform. The experiment results show that the computation efficiency is much better than that of the source scanning algorithm. Using the parallel method, the calculation speed is faster than other methods with high computation efficiency. Therefore, the method proposed in this paper is an effective method for calculating the signed distance function. The next work will focus on the lower envelope based method and the Voronoi diagram based method, by improving them with parallel algorithm.
